The study was conducted to investigate the effect of Yinhuangerchen mixture (YM) on Avian infectious laryngotracheitis (AILT) induced by artificial infection and provide a scientific basis for its clinical application. A total of 200 chickens were challenged with infectious laryngotracheitis virus (ILTV). At 72 h post-challenge, the chickens were treated with different doses of YM or the Chinese herbal medicine Houyanjing powder. The relative expression of ILTV, the pathological changes of trachea, and the number of SIgA-secreting cells were detected. Thin-layer chromatography results confirmed that the YM contained Scutellaria baicalensis, Flos lonicerae, Pericarpium citri reticulatae, and Liquorice. The AILT model was successfully established by artificial infection. In the highdose YM group (HD) and middle-dose YM group (MD), the effective rate of treatment was 100 and 96.7%, respectively, and the overall cure rate was 83.3%. In addition, the results of necropsy showed that the degree of tissue damage in chicken trachea was relatively low. Compared with positive control group, HD and MD chicken had lower relative expression of ILTV but more SIgA-secreting cells. In conclusion, YM can reduce ILTV level in tissue, mitigate tissue damage caused by infection, and enhance mucosal immunity having obvious therapeutic effect on AILT.
INTRODUCTION
Avian infectious laryngotracheitis (AILT), as an acute and highly contagious respiratory infectious disease for poultry, is caused by infectious laryngotracheitis virus (ILTV) of the family Herpesviridae (Gan, 1999; Chen, 2006) . It can cause a large number of chicken deaths and a dramatic decline in egg production, thus dealing a severe blow to the poultry industry (Kim et al., 2013) . At present, the attenuated vaccines have been widely used to prevent and control AILT in the poultry industry; however, it often leads to strong pathogenic strains due to genetic recombination in chickens, and then decreases the immune effect or causes immune failure (Wang et al., 2004) . After vaccination for 2 to 10 mo, the ILTV strains can be isolated from 38% of chickens using the tracheal tissue culture system (Bagust et al., 1986) , which verifies the latent infection of AILT vaccine strains. Therefore, it is necessary to develop a new drug for effective control of AILT. Studies have shown that the total effective rate C 2018 Poultry Science Association Inc. Received October 7, 2017. Accepted June 6, 2018. 1 Corresponding author: zhangtie1998@163.com of Houyanning oral liquid to cure infectious laryngotracheitis (ILT) was 90.0 to 95.0%, and the cure rate was 85.0 to 92.5% (Zhu, 2012) , the total effective rate of Huangqi Maxingshigan decoction to cure ILT was 94.2%, and the cure rate was 91.7% (Cheng, 2010) . These show that Chinese herbal medicine is effective in treating ILT.
According to the theory of traditional Chinese veterinary medicine, the Chinese herbal medicine Yinhuangerchen mixture (YM) was prepared and its effect on AILT was studied in the present study. To provide the theoretical basis for research and development of Chinese herbal medicine used in the prevention and treatment of poultry diseases, the pathological changes of damaged tissue was investigated, the relative expression of ILTV detected, and the mechanism of mucosal immunity studied.
MATERIALS AND METHODS

Strains and Chickens
The ILTV Wang Gang strain was purchased from China Institute of Veterinary Drug Control (Beijing, China). Specific pathogen-free (SPF) eggs were purchased from Beijing Merial Vital Laboratory Animal 2690 Technology Co., Ltd. (Beijing, China). 150-d-old short-leg yellow cockerels (not inoculated with AILT vaccine) were purchased from Cangzhou Fumin Chicken Farm (Cangzhou, China) and were fed with layer fodder supplied by Beijing Hope Feed Co., Ltd. Before the experiment, ILTV was negative in the chicken flocks by throat swab polymerase chain reaction (PCR).
Drugs and Reagents
The Chinese herbal medicine for test and its effective constituents, including baicalin, chlorogenic acid, hesperidin, and glycyrrhizin were purchased from Na- 
Preparation of YM
180 g of Scutellaria baicalensis was decocted 3 times, 1 h each time, the decoctions were mixed and filtered, and the pH of filtrate was adjusted to 1.0 to 2.0 at 80
• C. After standing for 12 h, the supernatant was filtrated, then the precipitate was diluted with 6-to 8-fold water and the pH was adjusted to 7.0. The baicalin solution was prepared for later use after complete dissolving. 180 g of Flos lonicerae, 180 g of Pinellia, 180 g of Pericarpium citri reticulatae, 180 g of Poria cocos, and 100 g of Liquorice were soaked in water for 2 h and decocted twice, 1 h each time, and the volatile oils were collected for later use. After the decoctions were mixed and filtered, the filtrate was collected and precipitated by adding chitosan. After filtering, the supernatant was mixed with the collected baicalin solution and volatile oils. Subsequently, 2 g of sodium benzoate was added and the total solution volume was adjusted to 1,000 mL. The final concentration of YM 1 was 1 g/mL. After sterilization, the mixture was packed separately and stored at the room temperature.
Detection of YM by thin-layer chromatography
Three lots of YM were prepared as the sample solutions (including sample solutions 1, 2, and 3) by the same method. Four tests for identification of Scutellaria baicalensis, Flos lonicerae, Pericarpium citri reticulatae, and Liquorice were carried out.
Sample solutions for identification of Scutellaria baicalensis and Flos lonicerae were prepared by adding 2.0 mL of YM to 10.0 mL of 75% (v/v) alcohol. Preparation of sample solution for identification of Pericarpium citri reticulatae was as follows: 2.0 mL of YM was evaporated to dryness with a water bath and the residue was dissolved in 2.0 mL of methanol. In preparation of sample solution for identification of Liquorice, 2.0 mL of YM was firstly extracted with ether and n-butyl alcohol, and then it was evaporated to dryness and dissolved in 2.0 mL of methanol. The YM containing no corresponding drugs was prepared and used as the blank control solution. The baicalin and chlorogenic acid were dissolved in 75% (v/v) alcohol, respectively, and the hesperidin and glycyrrhizin were dissolved in methanol, respectively. They were used as a control solution.
Scutellaria baicalensis and Flos lonicerae were detected with acetic acid as the developing agent using polyamide membrane, and the result was observed under UV lamp (365 nm). The sample solution was spotted on the silica gel G layer plate, developed with ethyl acetate-methanol-water (100:17:13), colored with 2% ethanol solution of aluminum chloride and viewed with UV lamp (365 nm) for identification of Pericarpium citri reticulatae. In the identification of liquorice, the sample was spotted on the 1% sodium hydroxide silica gel G layer plate and developed with ethyl acetateformic acid-glacial acetic acid-water (15:1.3:1:2), colored with 10% sulfuric acid alcohol solution and heated to 105
• C. As for the thin-layer chromatography (TLC) detection of Poria cocos and Pinellia, many methods were tried but miscarried eventually. Hence, it was not included in this paper.
Treatment of ILTV
Infectious laryngotracheitis virus was diluted with normal saline, injected into the embryos of 10-d-old SPF chicken (0.2 mL per embryo) and cultured for 5 d at 37
• C. After 4 passages, the allantoic fluid and the allantoic membrane were aseptically collected and centrifuged after repeated grinding, freezing, and thawing. The supernatant was collected as the ILTV infectious fluid. The Embryo Lethal Dose 50% (ELD 50 ) of ILTV was calculated by Reed-Munch's method (Chinese Veterinary Pharmacopeia Commission, 2010).
Grouping and Treatment of Chickens
A total of 30 healthy chickens were selected as the negative control group (NC) and they were housed separately with normal feeding. In addition, a total of 200 healthy chickens were challenged with 100 × ELD 50 of ILTV (0.2 mL per chicken) via a nasal drip. According to the standard of AILT symptom, as shown in Table 1 , the typical respiratory symptoms of ILTVinfected chickens were investigated and recorded. Then, a total of 150 ILTV-infected chickens with the score of 1 to 2 points were randomly divided into 5 groups, including high-dose YM group (HD), middle-dose YM group (MD), low-dose YM group (LD), positive drug control group (PDC), and positive control group (PC), 30 chickens in each group.
The chickens in HD, MD, and LD were treated with YM at the dose of 4.0, 2.0, and 1.0 mL/L via drinking water, respectively. In PDC, the chickens were treated with Houyanjing powder (0.1 g per chicken) mixed with food. Chickens in PC were not treated with any drug. The chickens in different groups were treated for 5 d and subsequently observed for 5 d. The morbidity and mortality of chickens in each group were recorded during the whole test period. At the end of the test, the score of AILT symptom, death rate, effective rate of treatment, and cure rate of each group were calculated, and the experimental data were analyzed with SPSS17.0 statistical software (Chi-squared test and t-test).
Evaluation Indexes of Therapeutic Effect
Death Rate During the experiment, the experimentally infected chickens showing typical AILT symptoms (including mouth breathing, respiratory rale, shaking nose, nasal discharge, and eyelid swelling) and dying with AILT characteristic lesions (including larynx and trachea mucosa swelling, bleeding, and secretion) were classified as AILT dead chickens. The death rate is the proportion of AILT dead chickens to total chickens in each group.
Effective Rate of Treatment At the end of the experiment, the experimentally infected chickens with alleviated AILT symptoms (in spirit, feeding, and drinking) were deemed the effective cases. The effective rate of treatment (survival rate) is the proportion of effective cases (surviving chicken) to total chickens in each group.
Cure Rate At the end of the experiment, the experimentally infected chickens returning to normality (in spirit, feeding, and drinking), with no clinical symptoms and no typical lesions in larynx, trachea, and lung were deemed cure cases. The cure rate is the proportion of cure cases to total chickens in each group.
Detection of PCR and qPCR
Identification of ILTV strains and diagnosis of chicken diseases was carried out by PCR. The ILTV infection liquid and the chicken throat secretion were collected, and the virus DNA was extracted for PCR amplification. According to the sequences of ILTV TK gene in the GenBank, one pair of primers for PCR (P1: 5 -ACG, ATG, ACT, ACT, TTC-3 ; P2: 5 -CGT, TGG, AGG, TAG, GTG, GTA-3 ) were designed, and the amplified target fragments were 643 bp in size.
The relative expression of ILTV in tissues was detected by real-time quantitative PCR (qPCR). At the end of the experiment, 10 chickens in each group were randomly selected and the tracheas were collected. The virus DNA was extracted for qPCR. The sequences of ILTV gB gene primers were as follows: P1: 5 -CAATGGCTTCGGAGAAAGAG-3 ; P2: 5 -GGCAATCCTGATCCCATCTA-3 . The amplified product was 116 bp in size. Inner gene β-actin primers were as follows: P1: 5 -CTGTGCCCATCTATGAAGGCTA-3 , P2: 5 -ATTTCTCTCTCGGCTGTGGTG-3 , and the amplified product was 139 bp in size.
Preparation of Tissue Sections
At the end of the experiment, 10 chickens in each group were randomly selected and their one-third tracheal tissues were obtained. The tracheal tissues were sliced and stained with hematoxylin-eosin, and the tracheal histological changes were observed and photographed with the OLYMPUS microscope.
Detection of SIgA-secreting Cells by IHC
The paraffin sections of tracheal tissue were prepared. After dewaxing and hydration, the sections were treated with 30% H 2 O 2 and blocked with 5% Bull Serum Albumin (BSA). And then the mouse anti-chicken IgA antibody, the goat anti-mouse IgG antibody labeled with biotin and Strept Avidin-Biotin Complex (SABC) reagent were added successively. Finally, Diaminobenzidine (DAB) was used as the chromogenic agent. The distribution of SIgA-secreting cells (brownish yellow granules in tissue) was observed with microscope and photographed. The positive expression rate of SIgAsecreting cells was determined with Scion Image software, and the experimental data were analyzed with SPSS17.0 statistical software (t-test).
RESULTS
Constituent Identification of YM
Thin-layer chromatography detection results showed that the YM contained Scutellaria baicalensis, Flos lonicerae, Pericarpium citri reticulatae, and Liquorice. The same color spots were observed in the corresponding positions in chromatograms of test samples and drug control samples. No spots were observed in the chromatogram of the blank control samples (Figures 1-3 ).
Rejuvenation and ELD 50 Determination of Virus Strain
After inoculation with ILTV, the chorioallantoic membrane thickened and pox appeared. The embryos of experimentally infected chickens bled in the head and neck, and all died at the 4th passage. The prepared viral infection liquid was amplified by PCR and the target fragment was obtained. The ELD 50 of the 4th passage was calculated to be 10 −4.42 /0.2 mL by Reed-Munch's method. 
Clinical Symptoms and Pathological Changes of AILT
At 72 h post-challenge, the typical symptoms of the experimentally infected chickens were noted, including decreased food and water intake, listlessness, comb cyanosis, nasal fluid flowing, head shaking, eyelid swelling, breathing with moist rales, and mouth breathing. High dyspnea or cough with bloody mucus was also observed in the severe cases with the incidence rate of 100%. No abnormal symptom was noted in NC. The dead chickens were necropsied to observe the Values are mean ± SE, n = 30. a,b means significant difference (P < 0.05). A,B means extremely significant difference (P < 0.01). 1 HD = high-dose YM group; MD = middle-dose YM group; LD = low-dose YM group; PDC = positive drug control group; PC = positive control group. Table 3 . Therapeutic effects of YM on AILT (n = 30). pathological changes of tissues. The throat and trachea were swollen with bleeding spots. The mucus secretion with blood was observed on the inner wall of the trachea, and the lung showed blood stasis and bleeding. Throat swab samples were collected and the target fragments were amplified by PCR.
Effects of YM on AILT
As evidenced by the scoring results in Table 2 , the scores of AILT symptoms in each treatment group were lower than in PC with an extremely significant difference at the end of the test (P < 0.01), indicating that YM could decrease the clinic symptoms of AILT.
The death rate in each treatment group was lower than in PC. In HD and MD, the death rate was significantly different from that in PC (P < 0.05). The cure rate in each treatment group was higher than in PC with an extremely significant difference (P < 0.01). In HD and MD, the cure rate was higher than in PDC with no significant difference. The cure rate in HD and MD was significantly different from that in LD (P < 0 .05). There was no significant difference in the cure rate between HD and MD (Table 3) .
Expression of ILTV
The relative expression of ILTV in each treatment group was significantly lower than in PC (P < 0.01). In Values are mean ± SE, n = 10. a,b means significant difference (P < 0.05). A,B means extremely significant difference (P < 0.01). 1 HD = high-dose YM group; MD = middle-dose YM group; LD = low-dose YM group; PDC = positive drug control group; PC = positive control group; NC = negative control group.
HD and MD, the relative expression of ILTV was lower than in other groups (Table 4) .
Histopathological Observation
In NC, the tracheal tissue structure was normal with clear mucosa membrane, submucosa, and adventitia as well as the orderly mucous membrane cilia and all layers of cells. In PC, the histological changes of trachea tissue included the thinner tracheal mucosa, blurred boundaries between the layers of mucosa, as well as disorder, atrophy, or loss of mucosal surface cilia and infiltration of a large number of inflammatory cells and red blood cells. In MD, the intact trachea mucosa layers were observed, and histological changes of trachea tissue were less than in PC (Figures 4-6) .
Expression of SIgA-secreting Cells
The expression of SIgA-secreting cells in each treatment group was significantly higher than in PC (P<0.01). In HD, MD, and PDC, the expression of SIgA-secreting cells was significantly different from that in LD (P<0.05) (Table 4 ; Figures 7-9 ). 
DISCUSSION
Establishment of AILT Model
Infectious laryngotracheitis virus can infect chickens of all ages and breeds under natural conditions, and especially during fickle climate season, the chickens are very prone to infection with ILTV. Adult chicken has slow disease development because of the tolerance to ILTV, which facilitates the observation of the clinical symptoms and pathological changes. In this study, the 150-d-old adult chickens were selected for a test in the early spring season. Infectious laryngotracheitis virus is mainly transmitted via upper respiratory tract and eye discharge. In order to simulate naturally infected disease and determine the optimum dose of ILTV, the chickens were challenged with 100 ELD 50 of ILTV via nasal drip. At 72 h post-challenge, the experimentally infected chickens showed typical clinical symptoms of AILT and characteristic necropsy lesions, and the ILTV in throat swab was positive by PCR detection. The chickens in NC grew normally without any abnormal situation. These results verified that the AILT pathological model was established successfully.
At present, there is no universally accepted assessment standard of AILT symptoms. In order to ensure the similar extent of disease in each group before treatment, the experimentally infected chickens were evaluated according to the self-made assessment standard of AILT symptoms. The chickens with a score of 1 to 2 points were used for this experiment.
Application of Chinese Herbal Medicine in Treating AILT
The science of Chinese materia medica, stemming from the long-term medical practice of Chinese people, has gradually formed a unique discipline of traditional Chinese medicine. Since ancient times, Chinese herbal medicine has been used in disease treatment, food flavoring, and health care as well as the treatment of livestock and poultry diseases (Wei et al., 2008) . Avian infectious laryngotracheitis can cause some diseases in chicken such as increased tracheal secretions, asthma, cough, dyspnea, respiratory congestion, and hemorrhage. It falls into the category of typical febrile disease in traditional Chinese veterinary medicine (Ge, 2000) . Chinese herbs for treatment of AILT mainly include Flos lonicerae, Scutellaria baicalensis, Radix Isatidis, Radix Platycodon, Ephedra, Fructus forsythiae, Cassia twig, Pericarpium citri reticulatae, and Radix Bupleuri (Yang, 2009; Dong et al., 2010) . The commonly used compound Chinese herbal medicine preparation includes Gandan oral liquid, Houyanning, Houchuanning, Huangqimxsgd, and Houyanjing powder (Zhang et al., 2002; Zhai et al., 2008; Cheng, 2010; Du and Zhang, 2010; Zhu, 2012) . However, such traditional Chinese medicine decoction or powder cannot adapt to the intensive production of the poultry industry due to the backward technology or administration difficulties.
Therapeutic Effect of YM on AILT
The YM has been improved by adding flavored herbs according to the classic prescription of Erchen Decoction in Prescriptions of Peaceful Benevolent Dispensary in Song Dynasty (Liu, 2007 (Gao and Chen, 2008; Lin et al., 2009) . Flos lonicerae contains chlorogenic acid and luteolin. They have a strong inhibitory effect on common respiratory viruses and can mitigate the inflammatory response of respiratory tract by reducing congestion and inflammatory cell infiltration (Zhang et al., 2014) . The active constituent of Poria cocos is the Carboxymethyl Poria cocos polysaccharide and it can significantly improve the immunity of animals by enhancing the phagocytosis of peritoneal macrophages (Ma et al., 2005) .
The YM was prepared by using the advanced processing technology to extremely release the active constituents. The mixed drink and drug administration mode resulted in easy operation and even mixture of drugs, and at the same time, avoided the inadequate drug intake caused by the decreasing feed intake of diseased chickens in mixed drug and feed administration mode. In this study, different doses of YM were used for the treatment of AILT, HD and MD had the effective rate of treatment of 100 and 96.7% and the same cure rate of 83.3%, respectively. The results indicated that the treatment effect of YM was better than that of the control drug Houyanjing powder.
The proliferation of virus can cause severe damage to the structure and function of tissues and make the disease deteriorate rapidly. The respiratory mucosal immune system is an important barrier to protect the respiratory tract from pathogens and its product SIgA is the main effector molecule of mucosal immune response. In our study, the results verified that the YM could alleviate the damage of tracheal mucosa, increase the quantity of SIgA-secreting cells, and decrease the proliferation of ILTV in the trachea.
In summary, the YM can relieve the symptoms of ILTV-infected chickens, decrease viral load, reduce tissue damage, and improve body immunity, thus having an obvious therapeutic effect on AILT, and the recommended drug concentration is 2 mL/L via drinking water.
